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^hc occurrence of eml*>li/ation diirine 
the course of surreal treatment of mitral 
stenosis continues to he a matter of consider- 
able c oncern. This problem has Im-cii ureatly 
lessened with the advent of the pump oxy- 
genator and the availability of the ojh-u com- 
missurotomy. However, for various misons. 
embolization durinc commissi irotomy has 
not lM-en eliminated. Many hospitals 
throughout the world have, cardiovascular 
surgical units capable of dnithf a cl«*cd mi- 
tral commissurotomy but they are. in turn, 
unable to provide a pump oxygenator on a 
standbv basis in case thrombin is encountered 
within' the heart. Although the main inci- 
dence of cm!>olizaticm *<mkl lie expected in 
these closed rases, there still exists a Lav in- 
cidence of particulate embolization in pa- 
tients underpins! dinnt-vision sursjery lor 
mitral valve disease. This can result either 
from a thrombus dislodu.il dnriittf removal 
from the left atrium or from calcific emboli 
loosened durintr exc ision of a diseaMil mitral 
valve. 

In an effort to prevent einlNili/ation dur- 
ing mitral commissutotomy. the authois have 
develop a Kittling device which can be 
placed in the ascendinir aorta at the time of 
surgerv. This device is designed to catch 
paniculate emboli and yet not interfere with 
the flow of blood in the proximal aorta. 

Supported by Uniird Sia«r> »1»Mic IMUi Sr.xirc <i.u«t 
No. HE 09997. 

Submitted lur publicum D*. Tl, V*u: .csubnuu^l 
Feb. 9, 1968. 
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THK INITIAL FILTERING DEVICE | 
(PARACHITE DESK;N) 

The initial device was constructed of ix>ly- 
propylene mesh of (1.7 mm. mesh size and 
had the configuration of a "parachute" 

.Fur. 1 =• l« * fcnMr aml ils l ,,ON " ual 
and distal parts were made radio|Wt|ue. 

METHOD 

Fifteen hc|iarini/cd nionurel dotrs wcitrh- 
iim W to ">0 iiounds vveie anesthetized with 
Nembutal, and. after initiating supi>ort with 
a mechanical iv>pirator. the left chest was 
entered tlinmuli the lifth interspace, The 
pericardium was opened and 2 Hyethylcnc 
tnhes mm. l.l>.« were intriKluccd into the 
left allium and secured In- a pursc-siriiux su- 
ture. One tube |>ernutled the injection of .0 
c.c. of 70 percent llypai|ue to visualize the 
aima. and the other tulic served as a con- 
unit for iiijii-iiiii: radio|»ai|uc eml>oli into the 
left atrium. Hies.* eniU.li were made of sili- 
cone rubU-r 50 l ,mrllt ,KUUI1 " 
sulfate. Thev were cylindrical in shape, 1.3 
mm. in diameter, alid had a sixriric gravity 
of apptoxiiuatelv one. These "Heme nibbcr 
niilmli were molded within a !>crforated 
electrical printed circuit Iniard with appro- 
priate sized holes, l he silicone rubl>cr was 
spread over this l*>ard and into the many 
^.orations. After 24 hours, the molded sdi- 
cone emlxili were pushed out of the molding 
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. lU rd with a hluni needle and stoied lor 

; « ritual use. 

W ith a graduated metal trocar ! Fitr. I . thr 
-.jii-r drvirr was introduced through a small 
•tab incision in thr aprx of thr left ventricle 
:: ,ti» the ascending aorta so that the inflow 
. nil of thr device was proximal to the bra- 
chiocephalic artery. The position of the filter 
waf confirmed by feeling the tip of the in- 
t.iuluccr and also by examining the aorto- 
-lains done at the time the device was in- 
u-odnrcd. To prevent the filter from travel- 
ing downstream after i*»sitioning (Case 6, 
Table r !. a small alligator clamp was ap- 
plied to the tethering sutures as they emerged 
I'm nil the ventricle. 

Twenty eml>oli were then injected into the 
left atrium., and x-ray films were subsequently 
Kikrn of the whole animal to determine the 
distribution of rmlxili thai might have by- 



device 




Fig. 1. Diagram showing thr jiar.uiuite filler ami 
the metal introducer. 



Table I. Collective results in the icltole series 
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prtSMtl thr liltei. The device was then care- 
fully removed from the aorta and heart, and 
the numbrr of trapprd rinl)oli were counted. 
Also, in some case*, dissection studies were 
dour to locate peripheral enil)oli. The integ- 
rity of the aortic and mitral valves was 
grossly cheeked in rvrry animal and. in some 
rases, microscopic sections were obtained of 
the aortic wall. 

RESULTS 

The percentage of emboli caught within 
the parachute device ranged ljctwccn 60 and 
100 percent with an average of 75 jxreent 
(Table 1 ' . Of a total of 270 emboli injected, 
66 1 25 jjcrcenp bypassed the filter (Table 
I;. It was found that introduction and ex- 
traction of this device was fairly easy, and no 
damage* was noted to the aortic or mitral 
valve in any of the animals. Also, no cor- 
onary cmi>oli were enrountcrrd in any of 
these studies. 

Two interesting cases in this series require 
further discussion. In Case 6. tin* device mi- 
grated down the aorta as an embolus and so, 
subsequently, a small alligator damp was 
applied to the tethering sutures as they 
ememrd from the ventricle. In Clasc 8, the 
mouth of the device did not open completely 
i as indued radiologically . and thus all of 
the emlnili were lost into "the systemic circula- 
tion. 

Urcausc a moderate numlier of the emboli 
bypassed thU initial filtering device, a second 
tvpr of filter was constructed and is described 
below. 

THE CU RRENT FILTERING 
DEVICE (UMBRELLA DESIGN) 

The second ty|>c of filtering device has the 
configuration of an umbrella (Fig. 2) with 
8 ribs of stainless sUt! spring wire No. 303 
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Fi|c. 2. Hie uinhrrlhi filtrr in the ojmmi pusiiion. 
An unrooted device is drpirtitl Unausr the rib 
merhanism ran he better illustrated. 
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Fir. 3. The uncoated umbrella filter in the closed 
position. The hemostat is used to maintain this 
closure. 



! imiIj diamclci . The stainless «uvl ril* 
pmvidc a vi-ty ginnl sprim: action wliirh 
pcimit* ilu' umbrella lo adapt to various 
aonic dimension*. Tin- ribs of tin* umbrella 
wen- coveted with nylon cloth with a 0.7 
mm. mesh si/c. Eight silk .sutures were at- 
tached t«» the mouth of the device and were 
brouirht logcdicr in a confluence. By pulling 
on the confluence of sutures within a \yc\x- 
ethylene tube, closure of the umbrella could 
l>c effected (Fig. 3'. 

METHOD 

In 20 monsrrcl dugs, wciyhing 35 to 50 
|MiumLs. a small stab incision was made in 
the a|x*x of the left ventricle, and a Gerbodc 
dilator was used to grasp the tip of the um- 
brella lilter and introduce it through the 
ventricular wall. The device was then guided 
up to the required position in the ascending 
acuta, and the dilator wa> removed from the 
heart. Tin* damp holding the polyethylene 
IuIm- was then released, and the lilter was 
allowed to open and adjust itself to the inner 
wall of the aorta (Fig. 4:. Emtxili were then 
injected into the left atrium, and x-rays were 
taken in the usual manner t Fig. 5 • Several 
injections of tinlmli were carried out in each 
case. and. after introduction «»l all the em- 
Mi. the- lilter was closed and removed from 
the heart. 

In every c;im\ the rmlnili that were caught 
in the filter were counted and the aortic and 
mitral valves weie inspected for damage. In 
5 animals. histoUnric sections were made of 
the aortic segment which was in contact with 
the device. In cases the pressure was re- 
rorded in the aorta proximal and distal to 
the filter to sec if a significant pressure gra- 
dient existed. In 15 dims, systemic heparin 
was administered to prevent clot formation 
on the device, while in the final 5 dogs, a 
oraphite.lHMi/alkonium-heparin coating was 
utilized to prevent thrombus formation on 
the device. 

RESULTS 

In 20 cxix-riments, the umbrella device 
trap|>cd between 90 and 100 jiercent of the 
emboli with an average of 97:4 percent en- 
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Fig. 4. Diagrams showing thr various sta*es of mirodi.ru.rn and extraction of the umbrella 
filter. 



this site. It is our opinion that this feature 
does not |n-nnit a retrograde movement of 
tlu- cmlxrii hack to the coronary artery ori- 
lices durins: diastole. However, because of 
jxitential embolization to the coronary ves- 
sels, a small inner truncated cone of the same 
nylon mesh was added so that any emboli 
would Ik- held between the two layers of 
mesh and not carried backward during dia- 
>tole. 

With the use of this umbrella device, both 
tlu* introduction and extraction were rela- 
tively easy and. in even* case, both the aortic 
and mitral valves were found to be un- 
damaged. In addition, the heart action re- 
mained satisfactory, and there was no sig- 
nificant pressure gradient across the um- 
brella. Gross insjHTtion in even* case and 
histological examination in 5 cases showed 
no local aortic wall damage of any kind. 
Also, no coronary emboli were found in any 
of these cases. The use of graphite-bcnzal- 
koniunt-heparin coated 5 filters in 5 dogs 
demonstrated that systemic heparinization 
mav l>e omitted if such a thromborcsistant 
coating is employed. These filters always ap- 
jx*ared to free of thrombus or fibrin at the 
completion of the experiment. Finally, with 
the device in its usual aortic position, a pro- 




Fiy. 5. Angiocardiogram showing the umbrella 
filter in the ascending aorta with thr radiopaque 
silicone emboli trapped in the downstream cul-dc- 
sac. 

trapment. The total number of emboli in- 
jected in this series was 570 and only 15 em- 
boli or 2.6 percent bypassed the filter (Table 
I). The nylon mesh of the device was redun- 
dant and tended to form a distal cul-de-sac 
so that the emboli would usually collect at 
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red lire Miniihuiisy mitral commisMiroioiiix 
was carried mil in 5 dims. This clicl not lead 
in the dissemination of any enilmli thai wnr 
already cauiihi in tlie lilien and the piwiur 
<if die device in the* heart did not interfere 
with the procedure on the mitral valve. 

DISCISSION 

There are many article* in the surgical 
literature which have detailed the factors 
relating to cmlxilization during mitral com- 
missurotomy^- T The incidence of emboliza- 
tion during or after surgery has varied in 
these re|x>rts from about 15 jxrrcent in fibril- 
latin? patients to about 3 |xrrccnt in non- 
fibrillating 1 * :; * * patients, and each author has 
suggested a manipulative technique de- 
signed to reduce the incidence of this serious 
complication. These include compression of 
the carotid arteries in the neck." damping of 
the innominate artery. 1 or clamping the left 
common carotid and innominate arteries for 
|x»riods up to 60 seconds each as sug!:isicd 
by Helton ami associates- in 1954. In 
Bailey's ex|x*rience. this reduced the inci- 
dence of cerebral enilioli from 5 percent to 
2.3 |x?rccnt hut at die cx|x*nsc of increasing 
peripheral cmlxilism. l«ci«au~ advocated 
clam pint: the 3 branches of the acinic arch 
for ]x*riods up to 40 seconds, hut this pro- 
cedure did not dccrea>c the incidence* of 
cerebral ciuImiHsiu. Preoperative anticoagula- 
tion therapy was advised by Strom and Man- 
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rin- results of administering anticoagu- 
laiil> prcoperatively in cases where thrombus 
in the left atrium is anticipated have lx«cn 
conflicting and the complications associated 
with their administration were re|X>ned to 
be approximately 15 percent. About one 
third of- these complications -were major and 
consisted mainly of bleeding from the chest 
wound and the gastrointestinal tract, as well 
as retinal and cerebral hemorrhage.' Ob- 
viously, anticoagulants do not offer any help 
to the group of patients widi calcified valves 
who constitute at least one fourth of the 
patients undergoing surgery. In diis latter 
group, the incidence of embolism is about 
8 percent." 

These various procedures to prevent em- 
Imliyation were not always satisfactory and 
hence many authors shifted to o|x-n-hcart 
sunjery for mitral commissurotomy in the 
eas«s where systemic cmlx>lization seemed 
likelv. Instances of embolization, however, 
still occurred during o|x«n-hcart surgery from 
thrombi within the left atrium or from a 
heavily calcified mitral valve." 

The pivsent work demonstrates that an 
uiubrella-sha|X*d filter is capable of trapping 
<>7.4 |x»rcent of the injected artificial emlxjli. 
Also, the presence of the umbrella near the 
oriiiin of the cerebral vessels seems to offer 
a nearly total protection from cerebral em- 
bolism (Table 11'. This is a grave compli- 
cation which is attended clinically with a 
mortality rale as high as 80 jxreent. Al- 
though our primary aim was to protect the 
brain, the device seemed to also offer a large 
measure of protection to the vise-era and 
limbs ( Table II). The alwence of coronary 
eiulK.li during the ex|xrimcnts was also 
"ratifying. 

The filtering device was easily passed in 
and out of lite left ventricular cavity and 
asccudint.' aorta. This, to a large extent, pre- 
vented any dainasre to the aortic and mitral 
valves. The results obtained suggest that the 
mesh dimensions of the filter were large 
enousjh to allow an unimixxlcd blood flow 
and. at the same time, small enough to trap 



t 



tiny etnbol 
ies that ti 
steel ribs \ 
satisfactory 
spring act 
adaptable 
filter prai 
through tl 
Althoui. 
greatest 
conunissu 
those "oi 
jx>ssibility 
thrombus 
problem 
with cun 

sum: 

A dc\ 
umbrcll; 
filter sy 
into th« 
out on 
age of 
trapixxJ 
were re 
intcgrit 
mitral 
does n 
can be 
We su 
closed 
tion i 
center 
cardie 



I9b« 



Volume 64 
S umber :\ 



Filter to pnrent embolization 639 



Mis- 

*ajiu- 
:nbus 
I ven 
iulccl 
d to 

OIH' 

and 
:I:est 
well 
Ob- 
help 
aives 
the 
attrr 
bout 

CIII- 

nnd 
cart 
the 
ncd 
ver, 
roin 
n a 

an 
ring 
x>li. 
the 
fTer 

,,n. 

1 a 
AI- 
the 
nrc 
md 
ary 
ilso 



tiny emboli. It was found during these stud- 
ies that the spring action of the stainless 
steel ribs was dependable and could not be 
satisfactorily duplicated by plastic ribs. This 
spring action ]>emiitted the umbrella to be 
adaptable to the vessel and, therefore, to 
filter practically all of the blood flowing 
through the ascending aorta, 

Although this filter device should have 
.greatest application during closed mitral 
commissurotomy, it could also be used in 
those "open" operations in which there is a 
possibility of embolization of calcium or 
thrombus to peripheral sites. This latter 
problem lias not been completely eliminated 
with current preventive techniques. 

SUMMARY AND CONCLUSIONS 

A device having the configuration of an 
umbrella has been used experimentally to 
filter systemic blood while injecting emboli 
into the left atrium. Experiments carried 
out on mongrel dogs showed that an aver- 
age of 97.4 percent of these emboli were 
trapped by the device. No coronary emboli 
wen* reported in these experiments, and the 
integrity of the aortic wall and aortic and 
mitral valves was not disturbed. The device 
does not ofTer resistance to blood flow and 
can be used without systemic lu*j>arinhcation. 
We suggest its clinical use in the course of 
closed mitral commissurotomy if emboliza- 
tion is expected to occur, particularly in 
centers where there is no ready access to 
cardiopulmonary bypass. _ 
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